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Abstract: As a representative type of 2xxx series aluminium alloy, 2A14 aluminium alloy has been widely used in aircraft
wheel hubs and aerospace equipment connectors. To achieve higher strength and toughness in 2A14 aluminium alloy
components, the focus should be on the as-cast 2A14 aluminium alloy subjected to rotary tube piercing deformation within
a temperature range of 360~450 ‘C and a rolling ratio of 1.10~1.96. The microstructure and mechanical properties of the
alloy were investigated through comparative analysis after solution treatment (502 °‘C/2 h) and aging treatment (165 ‘C/10 h).
The results indicate that after rotary tube piercing deformation, the original as-cast structure gradually disintegrates with
increasing deformation temperature and rolling ratio, accompanied by an increase in recrystallized grains and serrated grain
boundaries. The density of low-angle grain boundaries within the grains increases, the proportion of recrystallization
increases, and the content of substructures and deformed grains decreases. The alloy exhibits optimal comprehensive
mechanical properties at a deformation temperature of 450 ‘C and a rolling ratio of 1.96, with nearly eliminated anisotropy
and a strength?ductility product of 5824 MPa-%. Fracture morphology analysis reveals that the fracture mode transitions
from brittle to ductile as the rolling ratio increases.
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Fig.1 Schematic diagram of the forming principle of rotary tube
piercing
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Tab.1 Main chemical compositions of the as—cast 2A14

aluminium alloy
(mass fraction/%)

Cu Mg Mn Si Fe Ni Zn Ti

43 0.6 0.6 0.7 0.1 0.004  0.01 0.03

K2 %8 2A14 R & mffaR
Fig.2 High-magnification microstructure of the as-cast 2A14
aluminium alloy
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Tab.2 Forming process parameters for rotary tube
piercing

Rolling Punch tip

Blank number Rolling ratio

temperature/'C  diameter/mm
1# 70 1.96
2# 360 60 1.56
3# 30 1.10
4# 70 1.96
S5t 390 60 1.56
6t 30 1.10
TH# 70 1.96
8# 420 60 1.56
o# 30 1.10
10# 70 1.96
11# 450 60 1.56
12# 30 1.10
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Fig.3 Sampling diagram of rotary tube piercing samples
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Fig.4 Photograph of the rotary tube piercing equipment
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Fig.5 Sampling locations for high-magnification and tensile
samples
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7 REFLZEFLELSI G 1.96 N AS R A8 9% R 3 1 B AL 2. (2) 360 °C, N BE ;(b) 390 °C, P BE ;(c) 420 'C, N EE ;(d) 450 'C, N EE;
() 360 C,APEE ; () 390 'C,AMEE ; (g) 420 C, 41 EE ; (h) 450 °C, ApiE
Fig.7 Microstructures of samples under rotary tube piercing with a rolling ratio of 1.96 at various deformation temperatures:
(a) 360 °C, inner wall; (b) 390 “C, inner wall; (c) 420 ‘C, inner wall; (d) 450 ‘C, inner wall; (¢) 360 ‘C, outer wall; (f) 390 ‘C, outer
wall; (g) 420 C, outer wall; (h) 450 C, outer wall
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Fig.8 Microstructures of samples under rotary tube piercing at a deformation temperature of 450 ‘C with various rolling ratios:
(a) 1.1, inner wall; (b) 1.56, inner wall; (¢) 1.1, outer wall; (d) 1.56, outer wall
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Fig.9 Tensile mechanical properties of samples under rotary tube piercing with a rolling ratio of 1.96 at various deformation
temperatures: (a) axial direction; (b) tangential direction
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Fig.10 Tensile mechanical properties of samples under rotary tube piercing at a deformation temperature of 450 ‘C with varying rolling
ratios: (a) axial direction ; (b) tangential direction
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Fig.12 Fracture morphology of samples under rotary tube piercing with a rolling ratio of 1.96 at various deformation temperatures:
(a) 360 C; (b) 390 C; (c) 420 C; (d) 450 'C
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Fig.13 Fracture morphology of samples under rotary tube piercing at a deformation temperature of 450 ‘C with various rolling ratios:
(a) 1.1; (b) 1.56

https://www. cnk1. net



Vol.46 No.07
<652 FOUNDRY TECHNOLOGY Jul. 2025

14 AL ALALHI L 1.96 WA [ 42 1 il B2 45 2R AN EE AR 14 i 500 A5 < () 360 °C, /N B B 400415 5 (b) 360 °C, 1445 & 73
(c) 360 C, FF&45 i 1'i F 5(d) 450 “C, R/INAIJE i FL 00 A1 5 (e) 450 C, #1457 A 5 (£) 450 °C, Fi&h i ol 1L
Fig.14 Grain boundary distribution at the outer wall of the tubular samples under rotary tube piercing with a rolling ratio of 1.96 at
various deformation temperatures: (a) 360 “C, distribution map of high-angle and low-angle grain boundaries; (b) 360 C, recrystallized
grain distribution map; (c) 360 ‘C, recrystallization fraction; (d) 450 ‘C, distribution map of high-angle and low-angle grain boundaries;
(e) 450 C, recrystallized grain distribution map; (f) 450 C, recrystallization fraction
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Fig.15 Grain boundary distribution at the outer wall of the tubular samples under rotary tube piercing at a deformation temperature of
450 "C with various rolling ratios: (a) 1.1, distribution map of high-angle and low-angle grain boundaries; (b) 1.1, recrystallized grain
distribution map; (c) 1.1, recrystallized fraction; (d) 1.56, distribution map of high-angle and low-angle grain boundaries; (¢) 1.56,
recrystallized grain distribution map; (f) 1.56, recrystallized fraction
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